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The random sequential adsorption (RSA) of identical elongated particles (discorectangles) on a
line (“Paris car parking problem”) was studied numerically. An off-lattice model with continuous
positional and orientational degrees of freedom was considered. The possible orientations of the
discorectanles were restricted between θ ∈ [−θm; θm] while the aspect ratio (length-to-width ratio)
for the discorectangles was varied within the range ε ∈ [1; 100]. Additionally, the limiting case ε =∞
(i.e., widthless sticks) was considered. We observed, that the RSA deposition for the problem under
consideration was governed by the formation of rarefied holes (containing particles oriented along a
line) surrounded by comparatively dense stacks (filled with almost parallel particles oriented in the
vertical direction). The kinetics of the changes of the order parameter, and the packing density are
discussed. Partial ordering of the discorectangles significantly affected the packing density at the
jamming state, ϕj, and shifted the cusps in the ϕj(ε) dependencies. This can be explained by the
effects on the competition between the particles’ orientational degrees of freedom and the excluded
volume effects.
I. INTRODUCTION
The random sequential adsorption model (RSA) is
widely used for modeling the packing of particles in
spaces of different dimensionalities [1, 2]. In this model,
particles are placed randomly and sequentially. Their
overlapping with previously placed particles is strictly
forbidden, i.e., excluded volume interaction between par-
ticles is assumed. The basic variant of the RSA model
also assumes the absence of any relaxation, diffusion and
desorption. Sequential placing of particles leads to the
formation of a jammed state where no additional parti-
cle can be added due to the absence of appropriate holes.
Different variants of one-dimensional (1D) and higher di-
mensional (e.g., two-dimensional (2D)) models have pre-
viously been numerically studied [3, 4]. The 2D RSA
model has been particularly widely used for simulation
of the adsorption of colloids and proteins [5].
For 1D RSA packing onto a line (the so-called car park-
ing problem), an analytical description of the processes
can be obtained in many cases [6, 7]. For example, the
kinetics of the RSA deposition of equal disks (contin-
uum RSA problem) is described by the following equa-
tion [8, 9]
ϕ(t) =
∫ 0
1
exp
[
−2
∫ 0
x
y−1(1− e−y) dy
]
dx, (1)
where ϕ(t) is the packing density (coverage). When ap-
proaching the jamming limit (t→∞), the terminal pack-
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ing coverage ϕ(t) demonstrates the algebraic time depen-
dence [10, 11]:
ϕ(t) = ϕj − exp(−2γ)t−ν , (2)
where γ = 0.577215... is Euler’s constant and ϕj = CR =
0.7476 . . . is the famous Re´nyi’s parking constant [8].
ν = 1/df, where df is related to the number of degree
of freedom for a deposited object. df coincides with the
dimensionality of the system when isotropic particles are
deposited in continuous media.
An analytical expression of the density pair distribu-
tion function g2(r) for 1D RSA packing has also been de-
rived [12], and the result compared with the well-known
Frenkel’s result for the continuum equilibrium problem
of 1D fluid [13, 14]
ge2 =
ϕ−1
∞∑
m=1
A(r −m) (r −m)
m−1
(m− 1)!(ϕ−1 − 1)m exp
(
m− r
ϕ−1 − 1
)
,
r > 1, (3)
where r is a reduced distance between the centers of the
disks (measured in units of disk diameter), and A(x) = 0
when x < 0 and A(x) = 1 when x > 0.
At jamming concentration (i.e., at ϕ = ϕj = CR),
a comparison of the pair distribution functions derived
for the RSA (g2(r)) and equilibrium fluid (g
e
2(r)) prob-
lems revealed the influence of the irreversibility on the
near-neighbor correlations [12]. The equilibrium func-
tion ge2(r) displayed a relatively large correlated region
(large oscillations), whereas the RSA function g2(r) was
short-ranged and close to unity at r > 3.
The 1D RSA problems of randomly oriented parti-
cles with arbitrary shapes (ellipses, rectangles, discorect-
angles, etc.) have also been analyzed [15–17]. This
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2case is commonly referred to as the “Paris car park-
ing problem”. With increase of the aspect ratio ε (the
length-to-diameter ratio) the jamming (maximum) cov-
erage increased from the value ϕj = 0.7476 for circles
(ε = 1), went through a maximum (cusp) at some value
of εm ≈ 1.5, and then decreased at higher aspect ra-
tios [15]. Such behavior has been observed in the pack-
ing of randomly oriented ellipses [15] and later on for
ellipses (εm ≈ 1.5, ϕj = 0.775380± 0.000019), rectangles
(εm ≈ 1.3, ϕj = 0.749575 ± 0.000016), and discorectan-
gles (εm ≈ 1.5, ϕj = 0.781249 ± 0.000020) [17]. The ini-
tial coverage increase was explained by the relaxing of a
parameter constraint (orientation of particles), while the
coverage decrease above εm was explained by excluded
volume effects [15]. Universality in the jamming limit for
elongated particles (e.g., needles, rectangles, ellipses) in
1D systems has also been discussed [18]. In particular,
the dependence of the universality class on the object’s
shape was demonstrated.
Similar ϕj(ε) behavior was also observed in the RSA
packing of elongated particles in 2D and 3D systems [15].
For the “Paris car parking problem”, when approach-
ing the jamming limit (t → ∞), an algebraic time de-
pendence ϕ(t) ∝ t−ν was observed [16]. The exponent
ν = 1/df was dependent on the particle shape and the
number of orientational degrees of freedom of each par-
ticle. For ellipses, the simulated empirical exponent was
df = 1.5, while, for discorectangles and rectangles, they
were in the range 1.5 6 df 6 2. More recently, it has
been demonstrated that df = 1.5 and 2.0, respectively,
for packings built of ellipses and rectangles [17]. For dis-
corectangles of moderate aspect ratio, ε, a continuous
transition between these two values was observed, from
df = 1.5 at relatively small ε values to df = 2 at large ε
values (ε 1).
However, all previous studies of the “Paris car parking
problem” have been devoted to conventional RSA with
random orientation of elongated particles and have not
paid attention to the effects of the particle orientation
constraint on the kinetics and structure of the deposits.
This paper analyzes numerically RSA of identical elon-
gated particles (discorectangles) on a line (“Paris car
parking problem”) using an off-lattice model with con-
tinuous positional and orientational degrees of freedom.
Special attention has been paid to the effect of the con-
straint of particle orientation on the packing. The ki-
netics of changes in the order parameter and the pack-
ing density are discussed. The rest of the paper is con-
structed as follows. In Sec. II, the technical details of the
simulations are described, all necessary quantities are de-
fined, and some test results are given. Section III presents
our principal findings. Section IV summarizes the main
results.
II. COMPUTATIONAL MODEL
RSA packing of discorectangles were generated using a
saturated packing algorithm similar to that developed for
jammed packings of non-oriented anisotropic objects on
a 2D plane [19] or a 1D line [17]. It is based on tracing
regions where subsequent particles can be added. The
centers of the particles were placed on the 1D line and
periodic boundary conditions were used to minimize any
finite-size effects.
The aspect ratio (length-to-width ratio) of discorect-
angles was defined as ε = l/d (Fig. 1). Both infinitely
thin particles (sticks) with ε = ∞ and discorectangles
with ε ∈ [1; 100] were considered.
The orientation of the particles was characterized by
the mean order parameter defined as
S = 〈cos 2θ〉 , (4)
where 〈·〉 denotes the average, θ is the angle between the
long axis of the particle and the director n, which gives
the direction of the preferred orientation of the particles.
Note, that S = 1 and S < −1 correspond to ideally
oriented particles along the line and perpendicular to it,
respectively.
d
L
la θr
FIG. 1. A description of the RSA packing of discorectangles
on a line. Intersections of the particles are forbidden. Each
deposited particle covers a distance a on the line. Here L is
the total length of the line, and r is the distance between the
particle centers.
To simulate the general case, a model of anisotropic
random-orientation distribution was used [20]. For this
model, the orientations of the deposited particles are se-
lected to be uniformly distributed within some interval
such that −θm 6 θ 6 θm, where θm 6 pi/2. For this
model, the preassigned order parameter can be evaluated
as [21]
S0 =
sin 2θm
2θm
, (5)
and for the isotropic case (θm = pi/2), it is given by S0 =
0. During the deposition, some particle orientations may
be rejected and the real order parameter in the deposit,
S, differs from the value of S0. The situation is similar to
that observed in the RSA deposition of partially oriented
elongated particles (k-mers) on square lattice [22].
All distances were measured in units of particle length,
while time was measured using dimensionless time units,
3t = n/L, where n is the number of deposition attempts,
and L is the total length of the line. Each deposited
particle covers a distance a on the line, thus, the average
coverage (packing density) was defined as ϕ = L−1
∑
i ai,
where the summation goes over all particles.
The density and orientational pair correlations were
characterized using the distribution functions
g2(r) = C2(r)/C2(∞), (6)
s2(r) = S2(r)/S2(∞), (7)
where
C2(r) = 〈ρ(0)ρ(r)〉, (8)
S2(r) = 〈cos{2[θ(0)− θ(r)]}〉, (9)
ρ(r) is the local number density and r is the distance be-
tween the particle centers (Fig. 1). The non-zero asymp-
totic value of S2(∞) suggests a long-range nematic order.
The average number density was calculated as ρ0 =
N/L, where N is the total number of deposited par-
ticles. To determine the effects of system size, finite
size scaling analysis for L in the interval L ∈ [212; 215]
(L ∈ [4096; 32768]) was performed. Typically, the length
of the line was taken as L = 215 = 32768. For each given
value of ε and S0, the computer experiments were re-
peated using from 10 to 20 independent runs. The error
bars in the figures correspond to the standard deviation
of the mean. When not shown explicitly, they are of the
order of the marker size.
III. RESULTS AND DISCUSSION
A. Sticks
Figure 2 shows examples of the packing patterns of in-
finitely thin particles (sticks) with ε =∞ at different val-
ues of the preassigned order parameter S0. At negative
values of S0, the formation of dense stacks of sticks ori-
ented in the vertical direction was observed. Even at rel-
atively large orientational ordering (e.g., at S0 = −0.9),
small holes between stacks were observed. At S0 > 0,
the holes could occupy a significant fraction of the line
space.
Figure 3 demonstrates the kinetics of the order param-
eter, S, and mean number density, ρ0, at a zero value
of the preassigned order parameter, S0 = 0, and differ-
ent values of the line length, L. The conventional RSA
model does not allow preservation of the preassigned or-
der parameter S0. In this model, the line substrate with
previously deposited particles “selects” a newcomer stick
with appropriate orientation, so this would result in a de-
viation of the preassigned order parameter, S0, from the
actually obtained one, S. The situation is rather similar
to that observed for RSA deposition of partially oriented
elongated particles on a square lattice [22]. Analysis of
the deposition patterns presented in Fig. 2 evidences that
Holes
Stacks
S0=+0.0
S0=-0.9
S0=+0.5
S0=+0.9
FIG. 2. Examples of packing patterns of infinitely thin parti-
cles (sticks) with ε =∞ at different values of the preassigned
order parameter S0. Length of the line is L = 2
15 and time is
t = 1010.
the particles deposited in an almost horizontal direction
(inclined along the line) form holes and block the further
deposition along the line. However, particles deposited in
the almost vertical directions promote further deposition
inside stacks and serve as attractors for almost vertical
deposition. Therefore, the line substrate can serve as a
filter for particles with appropriated orientation.
The actual value of S gradually decreased with increas-
ing time, t, approaching the value Sf in the limit of an
infinitely large time, t → ∞. This reflects the forma-
tion of stacks of particles arranged perpendicularly to
the deposition line (Fig. 2, S0 = 0). The enlarged S(t)
dependencies present more clearly the finite-size scaling
effects (Fig. 3b). Analysis of scaling in the coordinates Sf
versus 1/L allows estimation of the value of the order pa-
rameter for infinitely large system, Sf = −0.697± 0.009.
This value is only slightly different from the value Sf =
−0.6977± 0.002 obtained at L = 215. For this reason, in
this work, the studies were mainly performed at L = 215
without additional scaling analysis.
The mean number density, ρ0, continuously increases
with packing time, t. The time dependence ρ0(t) demon-
strated clear crossover behavior. For loose packings at
initial times, below tc ≈ 1, almost linear dependencies
ρ0 ≈ t were observed. However, at t > tc, the data can be
well fitted by the power law dependence ρ0 = At
α, where
A = 0.8813± 0.0002 and α = 0.40022± 0.0003 ≈ 2/5 are
the fitting parameters (R2 = 0.99994). From these data
the transition time can be estimated as tc = A
1−α ≈
0.93. Figure 4 shows the order parameter, S, (a) and
mean number density, ρ0, (b) versus the deposition time,
t, at different preassigned order parameters, S0. The
data are presented for sticks (ε =∞) and the line length
is L = 215. The inset in (b) presents an enlarged portion
of the ρ0(t) dependencies. Across the studied range of S0
(−1 6 S0 6 1), the values of S gradually decreased with
increasing time, t, and, finally, in the limit of an infinitely
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FIG. 3. The order parameter, S, and mean number density,
ρ0, versus the deposition time, t, at a zero value of the preas-
signed order parameter, S0 = 0 (a) and enlarged S(t) depen-
dencies (b). The data are presented for deposition of sticks
(ε = ∞) on the line with length L. Inset in (b) presents the
limiting order parameter Sf (at t → ∞) versus the inverse
length of the line 1/L.
large time, they reached values of Sf smaller than the pre-
assigned values, S0 (Fig. 4a). This significant dropping
of order parameters began after the formation of stacks
could be observed at intermediate deposition times. It
can be explained by a manifestation of the filtering prop-
erties of line substrates. The crossover behavior in ρ0(t)
was observed at different values of the preassigned order
parameters, S0 (Fig. 4b). At long deposition times, the
scaling exponents were approximately the same for differ-
ent values of S0 (S0 (−1 6 S0 6 1), α ≈ 2/5. However,
the transition time tc was dependent upon the value of
S0 and tc →∞ in the limit of S0 → −1.
Figure 5 presents examples of the density g2(r) (a) and
orientation s2(r) (b) pair correlation functions for differ-
ent values of the preassigned order parameter, S0. Both
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FIG. 4. Order parameter, S, (a) and mean number density,
ρ0, (b) versus the deposition time, t, at different preassigned
order parameters, S0. The data are presented for the deposi-
tion of sticks (ε =∞) on a line with length L = 215. Inset in
(b) presents the enlarged portion of the ρ0(t) dependencies.
the functions g2(r) and s2(r) exhibit a strong divergence
in the limit of r → 0. This corresponds to the formation
of stacks with parallel arrangements of sticks (Fig. 1).
Moreover, at S0 > 0, the density pair correlation func-
tions g2(r) demonstrate oscillations that asymptotically
approach g(r) = 1 at large distances. The pronounced
minimums observed in the range of r ∈ [0.5; 1.1] cor-
responds to the correlations between places filled with
stacks and holes.
To estimate the inhomogeneities of the number densi-
ties for packing of the sticks, the line was divided into L
cells; the local number density in each cell was evaluated
and the values of the differential distribution function
f(ρ) were estimated. For systems with strong ordering
along the vertical axis (e.g., for S0 = −0.9 in Fig. 6) nar-
row distributions with maximums located near the value
ρ∗ = ρ/ρ0 ≈ 1 were observed. Such distributions corre-
spond mainly to the formation of almost vertical stacks.
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FIG. 5. The density g2(r) (a) and orientation s2(r) (b) pair
correlation functions for different values of the preassigned
order parameter, S0. The data are presented for the deposi-
tion of sticks (ε = ∞) on a line with length L = 215, and a
deposition time t = 106.
At S0 = 0, the distribution function became rather more
broad, moreover for particles oriented along the horizon-
tal direction (i.e., S0 > 0) pronounced peaks located at
ρ∗ < 0.1 were also observed. These peaks may be at-
tributed to the formation of significant holes between the
stacks.
B. Discorectangles
Figure 7 shows examples of the order parameter, S,
versus the deposition time, t, for disordered RSA pack-
ings (S0 = 0) at different aspect ratios, ε, of discorectan-
gles. Similarly to the case of sticks (Fig. 3a), the order
parameters, S, gradually decreased with increasing time,
0.5 1 1.5 2 2.5
0
0.5
1
1.5
2 -0.9
-0.5
0
0.5
0.99
f
ρ*
S0=
Stacks
Holes
FIG. 6. Differential distribution functions of number density,
f , versus the reduced number density in cells, ρ∗ = ρ/ρ0
at different preassigned order parameters, S0. The data are
presented for the deposition of sticks (ε = ∞) on a line with
length L = 215.
t, approaching the value Sf in the limit of an infinitely
large time, t→∞.
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FIG. 7. Order parameter, S, versus the deposition time, t, for
disordered RSA packings (S0 = 0). The data are presented
for the deposition of discorectangles with aspect ratio ε on a
line with length L = 215.
The changes in order parameter during the deposition
can reflect the filtering properties of the RSA deposits.
A similar effect was observed for the deposition of sticks
(Fig. 3). Similar filtering properties were also observed at
other values of S0 and were more significant for elongated
particles with large values of ε. For example, the limit-
ing order parameter in the jamming state Sf (t → ∞)
6was dependent on the values of the preassigned order pa-
rameter S0 and the aspect ratio, ε (Fig. 8). Note, that
in limiting cases of ideal ordering, i.e., at |S0| = 1, the
values Sf were unchanged, and in other cases the values
of Sf decreased with increasing ε (Fig. 8a). For preas-
signed ordering in the horizontal direction along a line,
i.e., at S0 > 0, the Sf(S0) dependencies were almost lin-
ear, whereas for ordering in the vertical direction, i.e., at
S0 < 0 these dependencies were non-linear.
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FIG. 8. Final order parameter in the jamming state, Sf, ver-
sus the aspect ratio, ε, at different values of the preassigned
order parameter, S0, (a) and Sf versus S0 at different values
of ε. The data are presented for the deposition of discorect-
angles on a line with length L = 215.
Figure 9 shows examples of the packing density, ϕ, ver-
sus the deposition time, t, for disordered RSA packings
(S0 = 0) at different values of the aspect ratio, ε. The
packing density, ϕ, gradually increased with increasing
time, t, approaching the jamming value ϕj at t → ∞.
The time derivatives dϕ/d log10 t were also calculated
to evaluatethe inflections at the time dependencies of ϕ
(Fig. 7b). These inflections were used to estimate the
characteristic deposition times, τ . At relatively small
values of ε (ε 6 15) only one inflection point was ob-
served. However, for elongated particles with ε > 20 two
inflection points could be seen (at τ and τs) and this
may reflect the development of fast and slow deposition
processes (Fig. 9).
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FIG. 9. Packing density, ϕ, versus the deposition time, t,
for disordered RSA packings (S0 = 0). The time derivatives
dϕ/d log10 t were calculated to estimate the characteristic de-
position times τ and τs. The data are presented for the de-
position of discorectangles with aspect ratio ε on a line with
length L = 215.
Figure 10 demonstrates examples of the behavior of
characteristic deposition times at different aspect ratios,
ε, and preassigned order parameters, S0. For example,
at S0 = 0 (Fig. 10a), the value of τ gradually grows
as ε approaches the limit of τ ≈ 1.6 at ε → ∞. The
characteristic time of the fast process, τ , may correspond
to the transition from loose uncorrelated packing at the
initial time to the more dense correlated packing at longer
time. For relatively short particles with ε 6 15 only
this transition was observed (Fig. 10a). However, for
long particles with ε > 20, the second inflection point at
t = τs may reflect the deposition of particles inside stacks
of previously deposited particles.
For the fast process, the characteristic time τ displayed
different dependencies on the preassigned order parame-
ter at S0 < 0 and S0 > 0. These dependencies for partic-
ular value of ε = 10 are presented in Fig. 10b. In the limit
of |S0| = 1, the value of τ tends towards ετ(ε = 0) and
τ(ε = 0) for the ideal ordering of particles with S0 = +1
or S0 = −1, respectively.
Figure 11 shows the dependences of the packing den-
sity at the jamming state, ϕj, versus the aspect ratio,
ε, at different values of the preassigned order parame-
ters, S0, (a) and enlarged portions of the same depen-
dencies for the interval 1 6 ε 6 5 (b). In all cases
cusps in the ϕj(ε) dependencies were observed. For dis-
ordered RSA packing (i.e., at S0 = 0 a well-defined max-
imum ϕj = 0.7822 ± 0.004 at ε ≈ 1.46 was observed.
Such behavior was in good correspondence with previous
data [15, 17]. For example, the obtained values of ϕj for
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FIG. 10. Characteristic RSA deposition times τ and τs ver-
sus the aspect ratio of discorectangles, ε, for disordered RSA
packings (S0 = 0) (a), τ versus S0 at fixed value of ε = 10 (b).
The data are presented for the deposition of discorectangles
with aspect ratios ε on a line with length L = 215.
the range of 1 6 ε 6 3 were almost the same as those
reported in [17] (Fig. 11b). The initial density increase
was explained by relaxing a parameter constraint (ap-
pearance of orientational degrees of freedom) in the RSA
packing, while the density decrease at larger values of ε
was explained by the excluded volume effects [15]. These
supplementary degrees of freedom (absent for disks at
ε = 1) also significantly affected the algebraic time de-
pendence of the approach of ϕj to jamming [16].
The preassigned order parameter, S0, noticeably influ-
enced the character of the ϕj(ε) dependencies and loca-
tions of the cusps. At S0 > 0, the increase in S0 resulted
in a shift of the maximum position toward to the larger
values of ε. For example, at S0 = 0.5 the maximum
ϕj ≈ 0.785 was observed at ε ≈ 1.89, and at S0 = 0.9
the maximum ϕj ≈ 0.767 was observed at ε ≈ 3.72. The
limit of S0 → 1 corresponds to the degeneration of the
problem to the case with ε = 1 (dashed lines in Fig. 9a,b).
At S0 < 0, even more complicated non-monotonic ϕj(ε)
behaviors were observed (Fig. 11b). At small values of
ε (close to ε = 1) noticeable drops in the ϕj values were
observed, and then the curves went through their max-
imums. For elongated particles, at large aspect ratios
the excluded volume effects dominated and the density
ϕj continuously decreased.
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FIG. 11. Packing density at jamming state, ϕj, versus the
discorectangle aspect ratio, ε, at different values of the pre-
assigned order parameter, S0, (a) and enlarged portion of
the ϕj(ε) dependencies for 1 6 ε 6 5 (b). For S0 = 0, the
maximum ϕj = 0.7822 ± 0.004 was observed at ε ≈ 1.46.
Dashed horizontal lines correspond to the jamming limit of
disks (ϕj = CR = 0.7476 . . . at ε ≈ 1.0). The open squares
in (b) correspond to the data obtained in [17]. The data are
presented for deposition on a line with length L = 215.
Figure 12 presents examples of the density g2(r) (a)
and orientation s2(r) (b) pair correlation functions at
jamming states for different values of the aspect ratio,
ε, and a fixed preassigned order parameter, S0 = 0. At
relatively small aspect ratios (Fig. 12a,b) both the func-
tions g2(r) and s2(r) exhibited rather complicated and
large oscillations at r / 2, but these became small at
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FIG. 12. Examples of the density g2(r) (a) and orientation s2(r) (b) pair correlation functions with fragments of illustrative
RSA disordered packings of discorectangles (S0 = 0.0) at the jamming concentrations for different aspect ratios ε = 2 (a), ε = 5
(b), ε = 20 (c), and ε = 100 (d). The data are presented for deposition on a line with length L = 215.
r > 3. These oscillations reflect the size of the correlated
regions in the RSA packing of the discorectangles. Note,
that the location of the first peak in the density corre-
lation function g2(r) corresponds to the mean distance
between the particles. This should be when the distance
is in the order of 1 or ε−1 for ideal horizontal (S0 = 1)
or vertical (S0 = −1) RSA packings, respectively. For
ε = 2, the location of the first peak of the g2(r) function
was r ≈ 0.75 and that reflects the noticeable contribu-
tion of particles with horizontal orientations, but the lo-
cation of the first peak of the s2(r) function was close to
r ≈ 0.6, corresponding to the closest distance between in-
clined particles. For ε = 5, the location of the first peak
of the g2(r) function was r ≈ 0.23 which is very close
to ε−1 = 0.2. It reflects the contribution from particle
in parallel stacks clearly visible in fragments of the illus-
trative RSA packings (Fig. 12). However, the particles
with almost horizontal orientations make an important
contribution to the second peak located at r ≈ 0.6. This
peak corresponds to the correlation of alternative regions:
dense regions filled with parallel stacks and rarefied re-
gions (holes) containing particles with almost horizontal
orientations. For this particular case of ε = 5 the behav-
ior of the g2(r) and s2(r) functions was approximately
anti-bat. At larger values of ε the first peaks in g2(r) and
s2(r) became located at r ≈ ε−1 reflecting the dominant
contribution from particles in parallel stacks (see corre-
sponding fragments of the illustrative RSA packings in
Fig. 12c,d). The contribution from holes (correlation of
alternative regions) became less important with increased
values of ε.
9IV. CONCLUSION
Numerical studies of two-dimensional RSA deposition
of infinitely thin particles (sticks) and discorectangles on
a one-dimensional line were performed. The packing ki-
netics and properties of the packs were significantly in-
fluenced by the values of the preassigned order param-
eter, S0, and the aspect ratio, ε. The deposition was
governed by the formation of rarefied holes (containing
particles oriented along the line) surrounded by compar-
atively dense stacks (filled by almost parallel particles
oriented in the vertical direction). This resulted in sig-
nificant deviation of the actual order parameter S in the
deposit and of the preassigned order parameter S0. In
fact, the unsaturated packing acted as a filter for the ad-
sorption of particles with appropriated orientations. For
the RSA packing of discorectangles, the filtering prop-
erties of the RSA deposits were more significant at rel-
atively large aspect ratios. For elongated particles with
ε > 20, the development of fast and slow deposition pro-
cesses could be observed. However, the introduction of
preferential ordering also influenced the behavior of the
cusps observed in the ϕj(ε) dependencies in the inter-
val 1 6 ε 6 5. The observed effects can be explained
by the impact of the partial ordering on the competi-
tion between the orientational degrees of freedom of each
particle and by excluded volume effects [15].
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